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Theory Reform Caused by an Argumentation Tool

Kurt VanLehn

Abstract

Recently, software aids have been developed for formulating and
managing arguments. Most of these programs are combinations of text

editors and databases. This paper concerns one such system, called
NoteCards. The paper discusses two incidents where using the system
uncovered major flaws in the arguments. These discoveries were quite
unexpected. This paper discusses these two incidents and trys to

- ascertain why a such a simple tool had such a profound impact and what
(1 the tool's future might be.
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Theory reformulation caused by an nrgumentation tool

Kurt VanLehn

There are many projects whose goal is to produce a network of well-reasoned arguments in support of
some assertions. Examples of such networks are a legal brief, a market anah.sis or a scientific theory.
Until recently, computer technology for decloping such networks was concerned mostly with the
acquisition of information to fecd into the arguments. Information retrieval systems help the lawyer
find precedents. Survey instruments and statistical packages help the market analyst quantify market

* . forces. Computcr-drivcn instruments line the benches of the physical scientist's laboratory. Such tools
help find the facts upon which the arguments rest. but they don't help the reasoner invent, record,
manage or modify the arguments themselves. For manipulating arguments. these professionals have
had to rely on paper technologies, such as index cards and file folders, or their electronic analogs, text
editors and file systems.

Recently, software aids have been developed for formulating and managing arguments. Most of these
programs are combinations of text editors and databases. This paper concerns one such system, called

"' NoteCards, which is being developed at Xerox's Intelligent Systems Iaboratory. The paper reports the
authors's experience in using the system. It discusses two incidents % herc using the system uncovered
major flaws in the arguments. These discoveries were quite unexpected. The expectation had been that
NoteCards would make argumentation easier, but not that it would chinge its quality.

This paper discusses these two incidents and trys to ascertain why a such a simple tool had such a
* profound impact and what the tool's future might be. The discussion and analysis is necessarily informal

and een anecdotal at times. Such a treatment cannot, of course, substitute for careful experimentation.
- ",. Howe~er. it seems worth reporting these incidents now because they raise certain interesting,

non-obvious issues. This informal presentation of the issues may la. the groundwork for more formal
studies.

The two incidents occurred a month apart. The second one is simpler to describe, so it will be presented
-% -'- first. lefore that, a little background on my project is necesary.

.5'

-Background

The project is to develop a psychological theory of how people learn procedures, such as arith[mtiCL
procedures. clerical procedures, or procedures for aialyiing electronic circuits (see Vanl eho, 1983a. fbi
a , s nopsis). The main data are a large collection ol'systematic errors (cailed hugs) that were olser\cd iT--
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the beha,,ior of 114. clementar school students ,ho Acre learning arithmetic. Most bugs can bc

eXplained more than one wa. depending on what h.ypotheses one makes ahout the learning process.

[he main job of argumentation is to contrast the explanatory power of %arious sets of h.Pot.hescs.
11, Metaphoric,,ll speaking. the theorist takes .se~eral sets of 11) potheses and sees ho%4 man.% bugs each can

cxplain.

In practice, the argumentation does not contrast multiple sers of hypotheses. Instead. a diide and
conquer strateg is used. I lhe o erall question - how are procedures learned? - is di\ ided io a set of
:ssucs. Each issue has sexeral alternatie hypotheses to explain it. One starts with \cry general issues.
such as ")o students learn from worked example exercises, or from analogies to familiar procedures, or
from "iten descriptions of de procedure. or %hat?" l)epending on which hypothesis wins the
argulment. more specific issues are fonrmulated. e.g.. "Gixen that students learn procedures from worked
examples. ho" do they learn conditional branches?" (A conditional branch is a chunk of procedure of
the fonn: If s uCh-and-such then do X else do Y.) The relationship between issues. h\potheses and
subissues %kill be discussed later in detail. The point here is only that instead of formulating a huge
argument that contrasts whole sets of hypotheses, one considers a set of issues and for each issue,
formulates an argument contrasting sex eral individual hypodeses.

The two incidents of NotcCard-induced theory reformulation are complementary. One incident
concerns the structure of mlra-issue reasoning, and the other incident concerns the structure of
,t'iwer-issue reasoning. 1o put it differently, the first incident concerns the structure of an argument about
a single issue. i.e., how to compare seteral hypotheses and choose a winner. The second incident
concerns representing the relationships between issues.

Intra-issue argumentation

NoteCards deliberately does not force an argument structure on the user. In this respect, it differs from
lunk lank and other outlining tools which force the user to employ a tree structure. This extra

flexibility allows users to use multiple argument structures and to change their arguments from one
structure to another. The incident to be described in this section was precipitated when the theory's
arguments were con erted from one format (a tree structure) to another (a matrix structure).

ihe NoteCards system is based on a simple idea: an electronic 3-by-5 card. The database is a set of
notecards." Figure I shows sexeral notecards as the user normally sees them on the screen. A

notec~ad has a title, which shows in the dark bar on tie top of the card. The body of a notecard is text
and/or graphics. All the notecards shown in figure I have textual bodies. A notecard's body may
tonmon pointers. In the middle card of figure 1. there are four pointers. Pointers have labels. The label
t' thc t i\,t pointer is "Remark," and the label of the second pointer is "Rebuttal." The other two

i; e'[ ire Libclled Ii wcl. but the user has chosen a display format for these pointers that does not
,.. he- :i~bc I,. I iCre' .ire' nm c ,irai its on the vocabulary of pointer labels: de user may create new

i.k-., it ' III I he dc&timatum of a pmntcr is another card. The destinatimi of" the first pointer in die
r, .d,!l I,,hc t p cird. I he destin.l n of the other three pointers is the hottom card. There arc no

L* . i ' 01 : c lt )fli,' o'piinters. A c.ird c.an point to itself or any other card.

... .............- i.... - . ." - .-.- " " - """ " -- ""-"
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Insert figure 1 ahout here.

t[ach card is an instance of a wYSIWYG editor (what .ou sce is Ahat ou get) that uSes a mouse as a

pointing device. When the user points at a pointer and clicks the mouse hutton. the card that is the

destnation of the pointer is fetched from the notecard daLibase and displa~ed on the screen. Ihis allows

one to tlhp quickly through cards. Many other lcilitics are pro% ided by NoteCards. but the preceding

hriet introduction w ill suffice for now.

A,, mentioned earlier, a change in the format of arguments led to uncovering flaws in the theory. The

old formnat was a tree. Figure 2 displays such a trec as a schematic outline. This tree structure reflects a

standard rhetorical structure. The format ha, the ads antage that breadth-first traversal of the tree is an
expositional sequence that makes sense. In fact. the original NoteCards database was constructed from a

32S-page document (Vanl.ehn. 1983b) whose expositional structure was a breadth-first traversal of the

argument trees. That is, each chapter was a discussion of a single issue. A chapter began with a

statement of the issue and a list of the competing hypotheses. 1ich of the remaining sections of the

chapter discussed a single hypothesis, gi% ing the arguments for and against it. I he document had about

'20 chapters, with three to seven hypotheses per chapter. Because the document was carefully structured

and the NoteCards format was chosen to reflect this structure. it was easy to convert the document into a
NoteCards database. It took only ten days.

Insert figure 2 about here.

The incident Occurred while new hypotheses were being added to the theory. A certain issue already

had four hypotheses. Three more hypotheses had been invented. Their empirical implications looked

promising. although a little confusing. Putting the new hypotheses into the NoteCards system should
have clarified which of the seven hypotheses was the best. However, the resulting tree structure did not

make it much easier to tell which hypothesis was the winner. The actual empirical facts (i.e., bugs)

dangled off the leaves of a bushy tree of notecards. A summary card was needed that would show the
hypotheses and facts in a compact way. For each fact and each hypothesis, it should show whether the

fact supported the hypothesis or not. The obvious organization was a Crtesian product (see Figure 3).

Insert figure 3 about here.

When the issue card mentioned above was conserted to this matrix formnat, each of the seen hypotheses

h,ad its own row. There were six columns, one for each of the facts. I low c% cr. not all the cells of the

matrix were filled in. I had neglected to c aluate some of '.e h\ pothe,,cs, gainst some of (ithe facts. The
old tree structure made it easy to overlook such instkeAs. lhe matrix ftrmat made them stick out as

* blank cells in the matrix. Not much research wa, needed to pros ide the needed cxaluations and fill in

-" - - . . .
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the blank cells, and et. the rCsults "cre quite surprising. All three of the new Iypothcses turned out
poorl . Of the four old hypothescs. the one that 'as thought best ,icuall tined out quite badly. A

prc% ousl. rejected hypothesis turned out best. In short, slopp. reasoning. abetted b% a poor rhctorical
organi/.kuton, allowed the suppression of a "inning hy pothesis. The new matrix organi/ation uncovered
the mistakes, leading to an improved theory.

I his incident as not unique. Several revcrsals of the samc kind occurred as the rest of the arguments
w"crc comerted to MatrIX format. 'Ihit these errors could remain undetccted for se',eral cars is even
more aniaing , %hen one considers hok many people had read or listened to the arguments. The
implications of this incident will be discussed after the second incident has been discribed.

Inter-issue argumentation

A common device in the argumentation is to use an independently motivated hypothesis to help defend
one of the hypotheses under discussion. For instance, if A and 13 are competing h)potheses, and X is the
w inning h% pothesis of some other issue's competition, one argues "X and A together predict F. whereas

-'- X and B predict not-F. Since F is empirically true, A is a better hypothesis than B." The argument for A
assumes X. This is one kind of inter-argument relationship, the most common one. This inter-issue
relationship was represented in NoteCards by ha% ing the argument cards for A and B have a pointer to

X labelled "premise."

' Fxplicitly representing inter-issue relationships was a major reason for converting the document to
NoteCards. As the theory changed. it was important to know which arguments depended on which
hypotheses. For instance, if h~pothesis X is refuted by new evidence, then one must retract the
arguments that have X as a premise. This was difficult given just the document. Although one could
open the document to the section that describes hypothesis X in order to see the arguments for and
against it. the document was not cross-indexed in such a way that one could find all the arguments that
depended on X. NoteCards automaticall provides such a cross-index. Attached to the card for X is a
list of all the pointers that point to X. Ihis cross-index makes it easier to re% ise the theory.

-.' After a few weeks of theory revision, it seemed likely that these inter-issue pointers could provide a nice
-- .' gcometric summary of the theory as a whole. NoteCards can automatiL.ally construct, layout, and

display a directed graph whose nodes are card titles and whose links correspond to pointers running
between a pair of cards. This fcilit', is called a browser. Similar facilities in programming environments

i-he been found to be cxtremel. uscful in summarizing complex prngrnns. It seemed likely that
"-". hrosing the NoteCards d.itabase using the pr-me pointers would yield a helpful overvicw of the

"* theory.

O ,When an attempt ,i,, nmdc to hov.se the d.atahase, an unexpected propcrt of the argumentation was

--. Ji'cmercd: the graph _r,.itcd bh\ the hi,wer %a',, disconnectcd. There %ere sets of issucs that were
.. .. it.il . Litnr-lated t, ()iher ct',. Intuii.ely. this sh i uldn't be so. Becausc the i i s are all part of the

"" . tc hcor. thc mist rclate I . lIhe browser rcxcaled that sonic essential inter-issue

t !.it:(n,.hips [id not bcen rm;idc explicit.

'



Ihis touched oRt a exam t lon ot the epiteniology of inter-issue relationships. It %kas disco% ered that

important assumptions had been mAdC \& itlhout mentioning them anyhere. [he assumptions \,erc all
ofa certain kind: a large issue 'a decompo,,ed into smaller issues. For example, the large issue \k hat is
the student's menul repre,,entation of die skill the% are learning." was decomposed into three smaller

issues:

1. Whit i,, the repre,,cntauon of perceptual kno% ledge about the skill's environment, e.g..
. I .r the ,,lniracttI ',kill. a trarnim r 6r tile multicolhmn notation.
, For alecbra cqumi sol\ ing. a grammar for algebraic equations.

2. \\ hat i,, the repreentation of procedural knowledge. e.g..
0 For ,,uhtraction. a procedure for A, riting and scratching out digits.
0, For algcbra a pr0oCed ire tfor selecting algebraic transformations.

3. \\hat is the representation of factual knowledge, e.g..
0 For subtraction. a table of number facts such as 7-5 = 2.
0 For algebra, a table of facts such as "- is the opposite sign of +.

The diision of task-specific knowledge into notational, procedural and factual knowledge was never
mentioned explicit% in the document. [here were several such decompositions. none of which had been
recogniied in the document. The NoteCards system browser revealed that these decompositions were
needed in order to complete the argumentation.

[he ob'.ious cure \x as to add a new type of notecard, called a decomposition, to describe the division.
When this was done. it became clear that these decompositions were doing almost as much 'work' is the

hypotheses. At that time, there were 36 issues: seven were handled by decomposition and 29 were
handled b. competitmie argumentation among hypotheses. Clearly. these decompositions needed to be
subjected to closer scrutiney. ' he best way would be to hold competitions among alternative

decompositions. It didn't take long to figure out alternative decompositions to the seven original ones

6(hich is significant in itself).

One of the new, alternative decompositions turns out to have very interesting properties. It is an

alternati e to the decomposition mentioned above. This decompostion is called the annotated grammars
decomposition because it replaces two knowledge representations - the notational grammar and the
procedure. hich are paris I and 2 in the list above - with a unified representation called an annotated

grammar. Whereas grammars, procedures and tables of facts are common representations in computer
scincc. annotated grammars are ne%&. Although it is not worth expl.6ning the techical details in th;s
paper. it seems no" that annt.ited grammars are a much better model of student's knowledge
structures., cen tor the supposcdl.\ "procedural" skills of arithmetic! The annotated granimais

dccornposition is a najor, and "elcome. re% isum to the theory.

I e di,'c 'ci<(it the . ntited i ilmii s decomposition was provoked by an observed incoinplcteicss

in the ,MCiclrit Ftrltmrc <,1 th, thorx". NoteCa'ds made observing this incompleteness eas . and

perhaps, cmcr me, ti)n(:( I, te' . mc. the secn nevw decomposition issues were added to provide a

home th the ncck dec ml rsiti ic -ipet til ins, tile browser created a connected graph (see figure 41

9,"+



Ihe !tieN IL1 Ih "' si t'l 1 abel the deAMIPOS101-1n ISSLICS. W\ithoit0. them~l. the gra-phI % ould be qiiir(e

I iisci t figure 4 Ab11)I L liere.

D)isc uss ion

I'li;- !10 rds hx- 'l111 e hCen U'ee t"O: dcades foir ()Ircani/ingZ 11r211mCntS. ailtho~ugh Idid not happen to use
clopne ~eon AlthOi inch NoteCards mai\i hc faster ind mo~re con \enient than paper

S irus.. hit I thcre. .;iv reaso,(n to belies e that NoteCards encourage better quaitsL argumentation

F 10[i'e -"!Id<, I hat1 IS, v.1II 0 142h incidents just descrihed ha e happened if I hadd Used paper
iadN ;nste.id )If NoteCarB1 lhcr eare ,oN eral reasons to doubt that th A OLud have. Fi isL

p L1,1 tpec mite cards are three-dimnsional objects. the easiest \AaY io implement scratch

in tlrtse paernote cards is to arrang them spatially. Ho Nc~er. when there are more ta

I 00 note cards. this -ets cumrnisomec. ( Ineidcnitk, there are about 800 NoteCards in my

U ie )li en there atre Ma111 paper note cards, it is ine\ itahie that ther are arranged spatial1k along

n s' dineu n1"o" the\ are tleod in a1 File box. The most complex topology that can fit in a single

'Fir" '~ ree. T"ape I niC cardsecourage dcndralic or-anizatiuns. Unless thle person is wAorking

'k" i n ube r of' cardls. In Short in.vhen One is f ooling around Aiih a riouIS scratch organi/ations.
aape )ie calrd, don t en -i urane one to search the wkhole space of possfi!,e organi/ations. To put it

7 , n jkre, arochal I dIoubt111 t 1a I ,oIild have tried a matrix format for ar-Cuments if I had been using
* . '7atp",2t crs Cotscquentk, the theor sAOuld still contain many 91awed arguLments.

!1 71 s 0d' ubt divi N iteCard!S enco0urages ione to -fool around v. ith scraitch organi/ations." Is this

d I "' ! azrtene d"11at i, Ko b. I11 u io n analogv to text editing. One often-heard complaint about

,c\ cditor, 1, t11A 0h'. encouirage writers to fool around v., ith the t'rmat of' the text, and dtus,
douenliepa.ition proc-ess do~ n. [hlat is. wNriters get too engaged in making their

lk re,:t Nit (1111% that. mns A riters are bad at It. Ihi dc ensar gier and harder

01.1in1) i innt thiare prof'essionally ty peset. [he compli tnt goes on to suggCCe that

A ,Iw (d cether he trw oe-d in, ll" 'fI iat teXt qluickl.r and effectis ci . (or the\ sh1ould leas~e text

I: the~ hdo are :rw ned at it. SupecrficiaiIk, there seem,, to be a i :mlop- here to NoteCards.

* - vasesthink ens i( exploire en tioif' their areiuments. II!, analoiss. sa\ s thait Cooling

41 it!rein i 'at ins s.l IIjut v. .istc the thinker's timec S metione e:I" should do it. Ilfowese r.

Inr, ni I poi icsAt iedcaio, o printers and gr-aphics
* ~ * .. a'a'' ti':>ch *i ,,drc. he1\ orLgani/ation iifarguinents i, too ,ironp~l\ coupled to their

0 ~~~~,, :5imt xt'vcul ciiiplcd. So pi'tcssninmil teNt t'orinitter can aInd do

..................... .. ..:::cntti ha inincni'.iions lhthr one likes, it i t ml. (I ikey ise.

Si V t'' ii I"n his to iis th c arftiicwnt ,i id rAnll ton \nd thati
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,toicone niut be die diiiker .ho is responsible t0 the argumenCt', content. In short, exploring
IrIiemL orrantlations is a tiecessar% activ it%, not a w at, f the thnIkers time.

\t t1C+,d, encOurages a particular kind of exploration. To see this. let's compare the process of
o'rgan/ incg argutinenlts usintz NoteCards %kith the same proccss using paper note cards. With paper note

*, -" card", a ,patial orgini/ation is external to the content 0f the note cauds. You don't ha e to change what
the card sa.s in ouder to nio e it fro m one file to another. On the t ier hand NoteCards brow ser is
d-i\ n h the ('o/tl otf the cards. namely the point's, that ar part of their texts. lo reorganize a
brow ser. you must change the cards' content. I o put it differentl.. NoteCards' organi/ations are
OPlemrctni properti s of the content qf te argulpoe'u s: the. are not imposed from the outside. In
retrospect, both the tree organi/ation that I used for tn arguLments In the document and the list-like
chapter structure were external organizations. heC. 'Aere sO decoupled from the content of die
argumentS that I was able to fool myself (and the readers!) into belieing that more was showAn than
actuall11. \ as shown. Notecards' emphasis on emergent organiations makes it harder to fool oneself.

- . Perhaps the hardest job that a theorist has is to discoer the assumptions that he or she is making.
Goodman (1955) has pointed out. in connection with his famous Grue-Bleen example, that important
scientific assumptions ,nay hide in the \ery ,ocabular. one uses to think about the theory. Uncovering

4 such assumptions is so difficult that any aid. e'en indirect aid, would be welcome. NoteCards seems to
pro\ ide such aid. At least, it helped me unco\ er a class of assumptions, namely the decomposition
issues, that lay deeply buried in the technical vocabular of computer science and mathematics. The

disco\erv of the annotated grammars decomposition is a case in point.

What happens to a NoteCards database eventually? Mine is too big to publish, even as a book. One
wonders if it is worth the effort to type in all those NoteCards when Al one can hope to gain is a better
theor. (as if that weren't enough!). There are sexeral answers, ran--ing from mundane to futuristic.
fhirst, it isn't all that much typing. It took only ten days to get my database started. Second, NoteCards
has facilities for stringing together cards into a single document. Thus. with a little extra effort, one can
obtain a rough drir't of a paper, or perhaps several papers.

On a more personal note, I find that NoteCards falls into a natur.A nitch that is midway between
publications and lab notes. Publications hae to he carefully workd over to be both an accurate,
consistCnt presentation of the theor and an ulnderstandahle one. Oin the other hand, lab notes are
pri ate remoranda, where ideas are worked out in iough. One's rc.,'!it lab notes are often based on
-assumptions that contradict earlier lab notes. reflecting the process ot iheor. re ision. As a whole, lab

notes are inconsistent and sometimes ,ague. and lack the expositim.1 "sugar" of publications. The
\otcCirds database is an accurate, consistent presentation of the thcmi .,+ but a priate one that need not
hiat expositional sugar. Metaphorically speaking. it represents die integral over time of die lab notes.

\11 the contradictions. reversals, and dead ends are removed.

Ic s.e wh, this is important, consider an analogy. Soppo,,e d c1nipitc i ,tdcentist btiilds a program and a

mleIiaticiaii builds aI pol. Iloth the program and the pioofc n be .i-curatel. represented in w riting.

I lo e,,r. the t+pical publicaition doesn't print the pmliain mr pioif. but only the key ideas ind ,

0d.sctli',ii)ii. Nicthclc,,s constructing the plogran m proof is .i iii'ihodoloical necessit, be'c,.k !t



ilI. 'n~ o Clgfill\ the, ideas and mTae them11 riorouIS. On d deeperI le'CI. it rna be imnportantI to ha~e a

iu~etcembdimnt(i.e.. a V. ritten one) otf the piogrxrni or 1ri)[001"A anl and to thin1king 117o01t it. Now\A

t.(i theQ aialoiz . A\ theorist builds a theorr, and tie puib!canonS discuss it. Just a" a comiputer scicu ti~t

h LJ:!d a programi and tie pLIKLanous' dIIScus it. or' InC rnt~IhIJcrIian ld a proof and the
nlulh ctions discivss it. lBut unlike programs or pim its, a thCOry, Lusuallr has no accurate. ".rittn

p re'en1111[ IhtiS, unil NoteCards anIId Its ilk "ecrc d\teloped. Ille Nute Cards d~itabaje is about as

I,, in% v. ritn artifaCt Ldfl ge, to C \pres i rg a M io lc thcorr . It' the au h ol rd", then wec can

c ~pc,, \otkCiards to help theorists clarrt\ their ideais and mae thc:mni is ron'. %Iorem~er. the

N .t~jad,1dtabhase Shoul.d ser'.e as a conCret M oden of the theor\ . I his List feature seemis
I' mportant to mie. N %di ,i e" r irk i,, hn dine at NotCardjs databaSe qua theory.

1 ne 0 ' \A1.1tit buldim .1 NoteCards daitabase seecms like programiming 'Al font buildino a
p11 ro u. n an do It. hu1.t it's harder.

S N u'CCar~ds dai~talbases arct accIIIateL reprcemnt~ionS of theories, they ha'. excellent potential as

les\ for :olaboration. Nioren'.er. bcauLse the user interface lie,, soinew here betweenl a1 blackboard

-In, tci x editor. \oteCards mna' mnii:ment or replaIce them as the cu~stomary focus of) a collaborative
p Cn for.I s aym min iei two people in di tffrent cities both editing the samie

N ... ( rc rcn b ile the talking o%. er the phone.

I .1 ~I'.et%%een la tesai oralatce a also make NoteCards a unique aid to

co-ieching.. A Notecard data~base w&Ould allowk y(inns theorists to craw I around inside a

i.-Lcor cetin to unuderstarnd it more deeply than1 they Coiuld From journal articles. Incidentally.

ne irswer to %%fhat Could happen to NoteCard databases after lieiQi acti\C development ceases
' t t rduate schools, embalmedIIC~ in comnputational display cases f'or students to dissect.

*~~ -RIT I. )s omn hould be that NoteCards is only a beginning. One can imagine many facilities that

* . . ~I he idld to it to make theory\ de'. elopnient eveQn better. Forintce a rt antnnesstem

(,K icec in pre paration Dm)o Ic. 19 9- Mec ermott. 1983) A ould make it easier to revise the theory.

0~ 'A 11. 00CI fr A~ tesscaesrmwinning to losiig, the I MS '.'.ould ILI toiaticall y retract all the
- ~ ~ ~ r . ment thait depenid on ih t ma.i un as te rpothesesS to lose their Support and

('i ment (Nurh . rriAo idoehhad. Adding a I \ IS to NoteCards is just one

un . hi'.. au~tomatic in ferencing technique-, cold be imported fri i1n A\rtificial Intelligence.

I r-i I, I'a fi rt step oni the pat-h u w ;icds a theoreticiaris workbench tha't i:s a s' neigistic combination
III , irtitfit-ial intelligence.
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I. An issue: something that the theory must take a stand on
A. Hypothesis 1

1. Pro
a. an argument in favor of the hypothesis I

i. an empirical fact used in the argument
ii. another fact...

b. another argument in favor of hypothesis 1
i. an empirical fact...

2. Con
a. an argument against hypothesis I

i. an empirical fact used in the argument
ii. another fact...

b. another argument against hypothesis I
c. another...

3. Moot
a. an argument that bears on hypothesis 1, but is not decisive
h. another such argument

B. F I pothesis 2
1. Pro

a. an argument in favor of the hypothesis 2
b. another argument in faor of the hypothesis 2

2. Con
a. an argument against hypothesis 2
b. another...

3. Moot
a. an argument that bears on the hypothesis 2, but is not decisive
b. another such argument

11. Another issue....

Figure 2
An argument tree, displayed as an outline.

]'here is one notecard for each issue. one for each hypothesis, one for each argument. and one for each
empirical fact. 'l he iSSUC notecard points to the relevant hypothesis noiecards (e.g., for the above tree,
card I would point to cards A and B). F'ich hypothesis notecard point, to the argument notecards that

concern it. An argument notecard points to the facts that it references.

@2.-

L ; -~~~.............. ...............- ,.---.,'"'-...,.'-.......",,..-'.,- -,",...---,,.
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<Evidence > Fact I

F(Evidence) Fact 2

( Evidence> Fact 3

I I <Evidence) Parsirmony 1
* (.4*> <i <0) <- < Cornpetitor> HypohssI

- (. (0 (,> (~> (Comnpetitor> Hypothesis 2Z

* .(e> (.t (+ (.> <Winner> Hypothesis 3

T tI: 1sii-ci a'JtkTl: r rf ii', *TIt :luuii- ai A~l

aIC~~~~~~ 1-' rt: - ar: Itzihj:r~- i pi"tc of'i1t~'.r

--1 , .j-.

Il :4rna h

Figure 3

A Cartesian product notecard
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